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Abstract—Finite-Set Model Predictive Current Control 
(FS-MPCC) has been employed for machine drives owing 
to the good dynamic performance. Sensitivity to parameter 
variation is one of the main barriers to its widespread 
application. To overcome this barrier, this work proposes 
an improved FS-MPCC for Surfaced Permanent Magnet 
Synchronous Machines (SPMSMs). The contribution of this 
work is developing a novel current update mechanism, 
where the variation of resistance, rotor flux linkage and 
inductance is considered, in which a modified coordinate 
system which contains a stationary and rotary axis frame is 
introduced. In this case, the predicted parameter can be 
obtained more accurately based on this mechanism, which 
can suppress the disturbances caused by model parameter 
mismatch. In addition, SPMSM parameter mismatch effect 
on FS-MPCC performance is analyzed in this paper, which 
testifies that resistance mismatch influence on current 
prediction error can be neglected in practical system. The 
proposed FS-MPCC is validated and compared against 
different state-of-the-art methods. Improvement of the 
proposed control strategy is validated by means of 
experimental results on a 2-kW test rig. 
 
Index Terms—Surfaced permanent magnet synchronous 
machines (SPMSMs), finite-set model predictive current 
control (FS-MPCC), model parameter mismatch. 
 
NOMENCLATURE 
ωm, ωe                          Mechanical and electrical angular speed 
p                                   The number of pole pairs 
R                                  Motor stator resistance  
L                                   Motor stator inductance 
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                                  Motor rotor flux linkage 
Te, Tl                             Electromagnetic torque and load torque 
θ, θr                              Electrical angle and rotor position 
η, B                              Inertia and viscous friction coefficient. 
Ts                                 Sampling period 
Us
opt
                              Optimum voltage vector 
                                   Initial motor stator resistance 
                                    Initial motor stator inductance 
  ̅̅ ̅̅                                 Initial motor rotor flux linkage 
 
 
I. INTRODUCTION  
PMSMs [1]-[2] are widely used in industrial application 
owing to high power density and high efficiency. In terms of 
motor control strategies, conventional linear 
Proportional-Integral control is extensively employed in 
SPMSM drives [3], but the transient performance is not 
optimum. In this case, it is necessary to develop novel motor 
control strategies in SPMSMs drives. In recent years, due to 
simple implementation, faster dynamic response and 
straightforward handling of nonlinearities and constraints, 
Model Predictive Control (MPC) has gotten extensive attention 
[4]. The principle is to predict the future behavior of the 
variables within several sampling time on the basic of cost 
function, and then, the sequence that minimizes the cost 
function is chosen. Although the MPC has been implemented in 
some motor drives and power converter applications, if 
compared to conventional control strategies, the required 
calculation is higher [5]. To simplify the prediction calculation 
of the system behavior, finite-set model predictive control 
(FS-MPC) was proposed [6]. Taking advantage of the discrete 
nature of voltage source inverters, there are only few number of 
possible switching states. In order to reduce the torque ripple, 
FS-MPC with optimal duty cycle was proposed by inserting a 
zero vector with the selected voltage vector [7]. The zero vector 
duration is determined based on the duty cycle control principle. 
Since conventional FS-MPC suffers from weighting factor 
tuning work, authors in [8] proposed an improved FS-MPC 
without weighting factor to control torque and flux in induction 
machine drives. To further decrease the computational burden 
in low cost microprocessors, authors in [9] proposed an 
improved FS-MPC with one-step prediction to obtain the 
optimum voltage vector.   
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However, FS-MPC strongly depends on system models, and 
model parameter disturbances can occur often with different 
operating conditions, which can deteriorate FS-MPC 
performance. For instant, a 20 % rotor flux linkage reduction 
occurs with ambient temperature increases by 100 ℃ [10]. If a 
fixed rotor flux linkage is set in the control system the 
prediction current errors would be amplified. Since the 
approach of offline machine parameter identification is 
time-consuming, few online approaches to predict rotor flux 
linkage were proposed before. Authors in [11] developed a 
Kalman filter and a Luenberger observer to obtain the rotor 
position, which can suppress the model disturbances. Authors 
in [12] presented an adaptive sliding mode observer to obtain 
the value of third harmonic rotor flux linkage, which can 
suppress the third rotor order flux linkage disturbances. To 
suppress the external disturbances such as friction torque, load 
torque and mechanical factors, authors in [13] proposed an 
improved sliding mode observer with a novel sliding mode 
reaching law in PMSM system. Since the flux linkage and 
inductance disturbances can amplify torque ripple, an 
incremental model for PMSM is introduced in [14]. Herein, it 
can be found that the rotor flux linkage disturbances are 
fundamentally  eliminated in the novel machine model of [14]. 
Authors in [15] proposed an improved flux observer with fuzzy 
algorithm to eliminate flux linkage disturbances. In order to 
observe the actual inductance, authors in [16] proposed an 
extended state observer with PMSM incremental model. In [17], 
a disturbance rejection control (ADRC) based on 
Proportional-Integral-Derivative controller is introduced. 
ADRC was used in induction motors to predict and compensate 
the disturbances caused by parameters mismatch [18]. In order 
to suppress periodic disturbances, iterative learning control 
(ILC) is employed. Authors in [19] proposed a robust ILC to 
suppress the disturbances caused by current offsets and scaling 
errors in PMSM drives. Because thermal drift can increase the 
offset voltage variation of current sensors, a novel current 
offset error compensator is designed to suppress this 
disturbance [20]. Authors in [21] proposed internal model 
control in speed loop to suppress the external disturbances 
caused by the inertia of PMSM. To testify the theoretical 
robustness of FS-MPC, the stability with a control-Lyapunov 
function was introduced in [22]. In order to suppress the 
disturbances caused by PMSM inductance and flux linkage 
parameters mismatch, an improved MPC based on a current 
error correction with high frequency suppression was proposed 
[23]. In addition, authors in [23] proved the current error to be 
caused mainly by the mismatch of both flux linkage and 
inductance parameters.  Authors in [24] proposed a robust 
predictive current control based on a discrete-time integral term 
to suppress the disturbances caused by the PMSM parameter 
mismatch. However, [23] and [24] are only applied in 
dead-beat MPC. Authors in [25] analyzed the effect of model 
parameter uncertainties on the current prediction error of 
FS-MPC, but it is only applied in three-phase inverter 
application. 
Recently, an improved FS-MPC without utilizing machine 
model parameters has been proposed. This method predicts the 
next instant current based on measured currents [26]-[27]. To 
suppress inductance mismatch disturbances, a modified 
FS-MPC with prediction error correction was proposed in 
[28]-[29]. However, the slow current update would occur when 
the current instant switching state is the same with the previous 
instant switching state, which can deteriorate the current 
performance. In order to avoid the slow current update, authors 
in [30] proposed a modified FS-model predictive current 
control (FS-MPCC) with a current variation update mechanism. 
The principle is to utilize previous instant measured currents 
and predicted currents to obtain new SPMSM model 
parameters. However, this modified FS-MPCC only aimed at 
the SPMSM under the assumption that the electrical angle at 
the adjacent instant can be approximately equal, which can 
affect the estimated parameter accuracy and the current 
performance. 
The contribution of this work is that this paper proposes an 
improved FS-MPCC with the state-of-the-art current update 
mechanism to suppress the disturbances. Although, [30] has 
developed a modified FS-MPCC to overcome this problem, [30] 
assumed that the adjacent instant machine electrical angle is the 
same. In this case, the error can affect the estimated parameter 
accuracy of the modified FS-MPCC. Especially in high-speed 
region, the value of the estimated parameter disturbances can 
be further amplified. To overcome this problem, a novel current 
update mechanism which contains a stationary and rotary axis 
frame is proposed. In the novel current update mechanism, 
estimated parameters can be obtained more accurate than that in 
[30] and can be applied in high-speed SPMSM applications. 
These obtained parameters can suppress the disturbances 
caused by parameters mismatch and enhance system robustness. 
In addition, SPMSM parameter mismatch effect on FS-MPCC 
performance has been analyzed in detail. Finally, the proposed 
method is compared against conventional FS-MPCC and 
FS-MPCC in [30] through a 2-kW test rig.  
This paper is organized as follows: the conventional 
FS-MPCC and SPMSM mathematical model are introduced in 
Section II. The specific procedure of the proposed method and 
the parameter disturbances effect on FS-MPCC performance 
are introduced in Section III. Experiment is carried out in 
Section IV. Finally, the conclusions are derived in Section V.  
II. CONVENTIONAL FINITE-SET MODEL PREDICATIVE 
CURRENT CONTROL 
In this section, the SPMSM mathematical model and 
conventional FS-MPCC are briefly introduced. 
A. SPMSM Mathematical Model 
In this paper, the following assumptions regarding the 
SPMSM mathematical model [31] have been made, which are 
noted as follows. Magnetic saturation, cogging torque and 
cross-saturation [32] are not considered in this paper. Therefore, 
it means that the inductance on d axis is approximately equal to 
the inductance on q axis and equal to the inductance on 
stationary alpha and beta axis, namely Ld = Lq = Ls = L. The 
mathematical model of SPMSM on dq axis can be presented as 
follows. 
d
d d e q
q
q q e d e m
di
U Ri L Li
dt
di
U Ri L Li
dt

 

  

    

 (1) 
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=1.5e m qT p i  (2) 
- = me l m
d
T T B
dt

   (3) 
where id and iq stand for the stator currents on dq axis, 
respectively; Ud and Uq stand for the stator voltages on dq axis, 
respectively.  
B. Conventional FS-MPCC 
To obtain the next instant currents on dq axis, the first-order 
forward Euler discretization is employed. The SPMSM current 
model is presented in Eq. (4).  
m
e
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( 1) ( ) ( ) ( ) ( ) ( )
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s s
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
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 (4) 
In the FS-MPCC of a two-level inverter, there are only eight 
switching states namely U0, U1, U2, U3, U4, U5, U6, U7, which 
are presented in Table I. Udc denotes the value of dc bus voltage 
in the system. 
TABLE I 
SWITCHING STATE OF SPMSM 
Since there is one-step delay in the practical system, the delay 
compensation method in [33] is employed in this paper. The 
(k+2)th predicted currents can be expressed in Eq. (5), where 
the subscript sw=i (i=0,1,2…,6,7) denotes the switching state 
of the inverter. Owing to the characteristic of the two-level 
inverter topology, the subscript sw can have 8 types of 
switching states.  Because the mechanical time constant of 
SPMSM is much larger than the electromagnetic time constant, 
the motor rotor speed can be considered as constant during two 
control periods, namely ωe(k)≈ωe(k+1). In addition, according 
to the first-order forward Euler discretization, the next instant θ 
can be simply obtained as follows. 
s( 1)= ( )+ ( )ek k k T                                                                (6) 
To satisfy the minimum current errors between the command 
and prediction, cost function is designed in Eq. (7). Finally, the 
optimum voltage vector is obtained by minimizing the cost 
function Jmin. 
min ( 2) ( 2) ( 2) ( 2)
ref ref
d d q qJ i k i k i k i k         (7) 
Therefore, Us
opt
 can be obtained according to Eq. (7). The 
diagram of the conventional FS-MPCC in SPMSM drives is 
shown in Fig. 1. 
Cost 
function
Us(k+1)sw=iωm(k)
ia(k) 
ib(k) 
id(k+2)
iq
ref(k+2)
id(k)
Delay
Us
opt(k)
id
ref(k+2)
θr(k)r
iq(k)
is(k)
ClarkePark
8
8
Us
opt(k+1)
Two-
level 
Inverter
SPMSM
3
iq(k+2)
Current 
prediction
Fig. 1. FS-MPCC diagram in SPMSM drives.  
III. IMPROVED MODEL PREDICTIVE CURRENT CONTROL WITH 
PARAMETER MISMATCH SUPPRESSION 
The effect of SPMSM model parameters on FS-MPCC is 
analyzed in Section A. From the analysis, it can be found that 
the parameter disturbances can deteriorate the FS-MPCC 
current performance much. Thus, an improved FS-MPCC with 
the state-of-the-art current update mechanism is introduced in 
Section B.  
A. Parameter mismatch effect on FS-MPCC 
performance 
In practical applications, the value of SPMSM parameters 
cannot be fixed with different operating conditions. The 
SPMSM current prediction model under parameter mismatch 
can be presented as follows. 
m
e
( 1) ( ) ( ) ( ) ( ) ( )
( 1) ( ) ( ) ( ) ( ) ( )
( )
s s
d d d s e q d
s s
q q q s e d
s
q
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L L
T R T
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L L
T
U k
L


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
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

     




 (8) 
where    (k+1) and    (k+1) denote the (k+1)th instant 
predicted currents. If the (k+1) instant predicted current is 
inaccurate, Us
opt
 might be not optimum according to Eq. (5) and 
Eq. (7). In this case, the FS-MPCC performance would be 
decreased owing to a sub-optimal voltage vector selection. 
According to Eq. (4) and Eq. (8), the current errors between the 
models with and without parameter mismatch are presented as 
follows. 
m m
e
1 1
( ) ( ) ( )
1 1
( ) ( ) ( ) ( )
d s d s d
q s q s s q
R R
e k T i k T U k
L LL L
R R
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     
               
                                                                                                (9) 
where ed(k) and eq(k) denote the current error. From Eq. (9), it 
can be seen that resistance, inductance and flux linkage 
mismatches all affect the current error. The relationship 
between ed(k) and eq(k) is shown in Figs. 2–3. From the  
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(5)
simulation results, it can be seen that the resistance value is 
quite small and cannot affects the current error much. At 100 
r/min condition, the inductance mismatch can affect the current 
error dramatically. Whereas, at 1200 r/min condition, 
inductance mismatch and flux linkage mismatch can much 
affect the current error together. The effect of flux linkage 
mismatch on current error becomes obvious with the SPMSM 
speed rising. In addition, it can be seen that the inductance 
mismatch mainly can affect the current error fluctuation. Flux 
linkage and resistance mismatches mainly affect the current 
error offset. Therefore, it is meaningful to suppress the model 
parameter mismatch disturbances, especially in inductance and 
flux linkage mismatch disturbances. To suppress the model 
parameter mismatch disturbances, it is inevitable to develop an 
improved FS-MPCC. 
 
Fig. 2. Simulation results of ed(k) and eq(k) under different parameter 
mismatch at 100 r/min. (a)  ̅  2  . (b)  ̅  2  . (c)   ̅̅ ̅̅  =  2  . (d) the 
current on q axis 
 
Fig. 3. Simulation results of ed(k) and eq(k) under different parameter 
mismatch at 1200 r/min. (a)  ̅  2  . (b)  ̅  2  . (c)   ̅̅ ̅̅  =  2  . (d) the 
current on q axis 
B. The state-of-the-art FS-MPCC with current variation 
update mechanism 
The previous method in [30] utilized a current variation 
mechanism to suppress the disturbances caused by parameter 
mismatch effectively. This can be expressed as in Eqs. (10-13). 
According to the following equations, the SPMSM inductance 
value can be predicted.  
 
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                  (13) 
where iα(k) and iβ(k) denote the measured current on the 
stationary alpha and beta axis at the kth instant;     (k) and    (k) 
denote the kth instant predicted current. Uα(k-1) and Uβ(k-1) 
denote the measured motor voltage on the stationary alpha and 
beta axis at the (k-1)th instant. ( )k and ( )k  denote the 
contiguous instant current variation between the predicted and 
measured currents at the kth instant. In this method, it is 
assumed that the impact of the resistive voltage drop Riα(k-1) 
and Riβ(k-1) can be neglected if the last instant voltage vector is 
not a zero vector [28]-[30]. The reason is because there are only 
eight switching states in FS-MPCC, the amplitude of SPMSM 
stator voltage is much larger than the amplitude of the resistive 
voltage drop, namely | Riα(k-1) | << | Uα(k-1)| and | Riβ(k-1) | << 
| Uβ(k-1)|. In this case, the value of Term 1 and Term 3 at the 
adjacent control period is equal to zero. 
However, when the SPMSM model parameters mismatch 
with the real SPMSM parameters, it is also assumed that the 
variation of SPMSM electrical angle at the adjacent control 
period is approximately equal to zero [30], which means that 
the variation of the Term 2 and Term 4 at the adjacent control 
period is equal to zero, which is presented in Eq. (14). 
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(14) 
To analyze the influence on the current performance, Zα and 
Zβ is defined as the variation of the Term 2 and Term 4 at the 
adjacent instant in Eq. (14). Fig. 4 shows that the amplitude of 
Zα and Zβ under different speed conditions. It can be seen that 
the value of Zα and Zβ increases with the speed rising. Thus, the 
above assumption cannot be neglected otherwise the control 
performance can be affected in negative way. Especially, in 
high-speed SPMSM, the value of the variation of Zα and Zβ at 
the adjacent instant becomes large. 
 
Fig. 4. Z under different speed conditions. (a) 6000 r/min. (b) 4000 r/min. 
(c) 2000 r/min. (d) 1000 r/min. 
To suppress the disturbances caused by the variation of 
SPMSM electrical angle in [30], an improved FS-MPCC with 
novel current update mechanism is proposed in this paper. The 
specific procedure is presented as follows. First, the last instant 
measured motor current is(k-1) and voltage Us(k-1) are stored in 
the microprocessor. On the stationary alpha and beta axis, the 
equations can be presented as follows. 
 
( -1) ( -1)
( ) ( -1)
( -1)sin ( -1)
s
m e
U k Ri kT
i k i k
k kL
 
 
  
 
   
 
 (15) 
 
( -1) ( -1)
( ) ( -1)
( -1)cos ( -1)
s
m e
U k Ri kT
i k i k
L k k
 
 
  
 
   
  
 (16) 
According to Eq. (16), the term of flux linkage can be presented 
as follows. 
 
( ) ( -1) ( -1)+ ( -1)
( -1)
cos ( -1)
s s
s
m e
T T
i k i k U k Ri k
T L Lk
L k
   
 

 
 
 (17) 
Substituting Eq. (17) into Eq. (15), Eq. (18) can be presented as 
follows. 
   
    
       
( -1)cos ( -1) + ( -1)sin ( -1)
( -1)cos ( -1) + ( -1)sin ( -1)
( ) ( -1) sin ( -1) + ( ) ( -1) cos ( -1)
s
U k k U k kT
L R i k k i k k
i k i k k i k i k k
 
 
   
 
 
 
 
 
  
  
 (18) 
Since the impact of the resistive voltage drop Riα(k-1) and 
Riβ(k-1) can be neglected, the equation can be satisfied as 
follows. 
   
  
 
( -1) cos ( -1) + ( -1)sin ( -1)
cos ( -1) ( -1) ( -1)
+sin ( -1) ( -1) ( -1)
U k k U k k
k U k Ri k
k U k Ri k
 
 
 
 




                    
(19) 
Afterwards, define K as sT
L
, Eq. (18) can be rearranged into Eq. 
(20). 
   
 
 
 
( ) ( -1) cos ( -1)
+ ( ) ( -1) sin ( -1)
=
( -1)cos ( -1)
+ ( -1)sin ( -1)
s
i k i k k
i k i k kT
K
L U k k
U k k
 
 






  
 
    

 
 
  
 (20) 
When the denominator in Eq. (20) is approximately equal to 
zero, K cannot be obtained accurately. In this case, assuming Eq. 
(21) needs to be satisfied in the proposed method, parameter K 
can be updated and stored in the FS-MPCC. When the 
denominator in Eq. (20) does not satisfy Eq. (21), the latest 
obtained parameter K will be utilized until the new obtained 
parameter K is acquired through Eq. (20). X requires a tuning 
phase. The diagram of parameter K acquisition is presented in 
Fig. 5. 
   ( -1)cos ( -1) + ( -1)sin ( -1)U k k U k k X                   (21) 
Z-1
iβ(k) 
iα(k-1) Z-1
iα(k) 
iβ(k-1) 
θ(k-1)
Cos
Uα(k-1) ×
θ(k-1)
Sin
Uβ(k-1) ×
X <
×
×
K
 
Fig. 5. The diagram of parameter K acquisition 
After acquiring K, the current equation on dq axis based on 
Eq. (4) needs to be built to avoid the variation of θ instead of 
using the current equation on stationary alpha and beta axis. Eq. 
(4) at the (k-1)th instant can be rearranged as follows. 
( -1) ( -1) ( -1)
( ) ( -1) ( -1)
( -1) ( -1) ( -1) ( -1)
( ) ( -1) ( -1)
s
d s e q
d d d
s s m
q s e d e
q q q
T R
i k T k i k
L
i k i k KU k
T R T
i k T k i k k
L L
i k i k KU k


 

 

  

  

   
 (22) 
In Eq. (22) on d axis, since SPMSM is adopted in this paper, 
id(k-1)≈id(k), Eq. (22) on d axis can be rearranged as follows.  
( ) ( ) ( -1) ( -1) ( -1) ( -1)s d d d d s e q
T R
i k i k i k KU k T k i k
L
    
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 (23) 
   
 
 can be obtained based on Eq. (23) and is substituted into Eq. 
(22) on q axis, which can be expressed as. 
( -1) ( ) ( -1) ( -1)
( -1) ( -1) ( -1)
s m s
e q q q
q s e d
T T R
k i k i k i k
L L
KU k T k i k



   
 
          
(24) 
Since ωe(k-1) ≈ ωe(k), Eq. (24) can be rearranged in Eq. (25). 
( ) ( ) ( -1) ( -1)
( -1) ( -1) ( -1)
s m s
e q q q
q s e d
T T R
k i k i k i k
L L
KU k T k i k



   
 
 (25) 
Without considering one-step delay compensation, the specific 
acquisition of id(k+1) and iq(k+1) can be expressed in Fig. 6.  
If considering one-step delay compensation, according to Eq. 
(4), Eq. (23) and Eq. (25), the id(k+1) and iq(k+1) can be 
acquired in Eq. (26). 
Sin
×
Cos
×
Uα(k)sw=ii
Uβ(k)sw=ii
Cos
×
Sin
×
θ(k)
K ×
Z-1
Udq(k-1)
K
id(k+1) 
ωe(k)
Ts
×
idq(k) 
idq(k-1) 
Udq(k)sw=ii
8
Add
×
8
8
8
8
8
8
8
8
8
Z-1
iq(k) 
iq(k-1) 
TsR/L ×
Z-1
iq(k) 
iq(k-1) 
iq(k+1) 
 
Fig. 6. The diagram of id(k+1) and iq(k+1) acquisition. 
 ( 1) 2 ( ) ( -1) ( ) ( -1)
+ ( ) ( ) ( -1)
( 1) 2 ( ) ( -1) ( ) ( -1)
( ) ( -1)
d d d d d
s e q q
q q q q q
s
q q
i k i k i k K U k U k
T k i k i k
i k i k i k K U k U k
T R
i k i k
L

     

   

       

    
 (26) 
After obtaining the (k+1) instant predicted currents, the (k+2) 
instant predicted currents can be obtained in Eq. (27) based on 
Eq. (5). The optimum voltage can be selected according to the 
principle of the cost function minimization. The proposed 
MPCC diagram is shown in Fig. 7. 
 
 
 
( 2) ( 1) ( 1) ( ) ( 1)
( 1)
( 2) ( 1) ( ) ( -1) ( 1)
( 1) ( -1) ( -1)
( 1) cos ( 1)
( 1)
( 1) sin ( 1)
( 1)
s
d d d s e q
d sw i
s
q q q q q
q sw i q q
sw i
d sw i
sw i
q sw
T R
i k i k i k T k i k
L
KU k
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i k i k i k i k i k
L
K U k U k i k
U k k
U k
U k k
U k











      
 
        
   
  
   
    

 
 
( 1) sin ( 1)
( 1) cos ( 1)
sw i
i
sw i
U k k
U k k



















    
   
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(27) 
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Fig. 7. Proposed MPCC diagram for SPMSM drives. 
IV. EXPERIMENTAL RESULTS 
Load 
motor
Drive 
motor
Siemens 
controller
Control and 
power board
Emulator
 
Fig. 8. Diagram of the test rig for SPMSM drives. 
TABLE II 
SPMSM PARAMETERS 
Parameter Description Value 
PN (kW) Rated power 2 
p  Number of pole pairs 4 
R (Ω) Stator resistance 0.365 
L (mH) Stator inductance  1.225 
Ψm (Wb) Rotor flux linkage 0.1667 
TN (Nm) Rated torque 10 
IN (A) Rated Current  10 
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nN (krpm) Rated Speed 2 
To verify the effectiveness of the proposed control method 
the test rig is constructed as displayed in Fig. 8.  The load motor 
and motor controller are produced by Siemens Company. The 
rated power of load motor is 5.6-kW and the rated power of 
drive motor is 2-kW. The main parameters of the drive motor 
are displayed in Table II. The control system for the drive 
motor includes a type of XDS200ISO emulator, DSP control 
board (the control chip is TMS320F28377d), power board, PC, 
and power supply. The system sampling period Ts is 33 us. 
Three methods are compared in this paper, namely a 
conventional FS-MPCC (Method 1), an improved FS-MPCC in 
[30] (Method 2) and the proposed FS-MPCC (Method 3). In 
Method 2, the parameter K was defined as follows. 
 
( )
( -1) ( - 2)
s sT T kK
L U k U kL

 

  

 (28) 
The comparison of the parameter K under  ̅  2   at 5 Nm 
load torque condition is displayed in Fig. 9. The results indicate 
that Method 3 can more precisely locate the value of the 
parameter K in different rotation speed from 400 r/min to 1200 
r/min compared with Method 2. The experiment results also 
show that the obtained parameter K in Method 2 fluctuates 
greatly and the maximum amplitude of the obtained parameter 
K is 1.3 times larger than that in Method 3. The reference K 
means the value of the sampling period Ts divided by the 
nominal SPMSM inductance. It can be seen that the value of the 
obtained parameter K in Method 2 and Method 3 is close to the 
value of the reference K. 
In this paper, the target motor speed is set through the load 
motor and the current performance between different methods 
is observed. The dynamic performance at 1000 r/min under 
 ̅  2    condition is shown in Fig. 10. Fig. 10(b), Fig. 10(e) 
and Fig. 10(h) show that Method 3 is the best performance 
either in fluctuation range or in tracking the reference current 
when the load torque steps from 2 Nm to 10 Nm and to 5 Nm.  
The performance of Method 1 is the worst. The performance 
from Method 2 shows similar performance in terms of tracking 
reference current but the torque ripple is worse than that of 
Method 3. The current on d axis is worst in Method 1. Defining 
fav as the average switching frequency of the system, it can be 
seen that the fav in Method 3 is lowest in the results. The 
dynamic performance at 800 r/min under   ̅̅ ̅̅  = 1.5    
condition is shown Fig. 11. The quadrature axis current 
indicates that Method 3 is still the best. Fig. 12 shows the 
comparison at 800 r/min under  ̅   0   condition. The 
performance of Method 3 in tracking the reference current is 
much better than that of Method 1 and Method 2. From the 
results of fav, it can be seen that the highest fav is in Method 2. 
 
Fig. 9. Experimental results of the comparison of the parameter K under 
 ̅  2    at 5 Nm load torque condition. (a) K at 400 r/min in Method 2. (b) 
K at 400 r/min in Method 3. (c) K at 1000 r/min in Method 2. (d) K at 1000 
r/min in Method 3. (e) K at 1200 r/min in Method 2. (f) K at 1200 r/min in 
Method 3. 
 
Fig. 10. Experimental results of the comparison at 1000 r/min under 
 ̅  2    condition. (a)–(c) Method 1. (d)–(f) Method 2. (g)–(i) Method 3.  
 
Fig. 11. Experimental results of the comparison at 800 r/min under   ̅̅ ̅̅  = 
1.5  . (a)–(c) Method 1. (d)–(f) Method 2. (g)–(i) Method 3.  
The current error between the reference and measure at 
different mismatch conditions is displayed in Fig. 13 and Fig. 
14. The figures indicate that in different driving conditions, the 
lowest current error is Method 3, which means that Method 3 
has the highest robustness compared with other methods. 
 The torque ripple assessment criterion refers in [30] and two 
mean absolute errors are presented as follows. 
1 1
1 1
( ) ( ) ( )
N N
ref
T e eN N
k k
M e k T k T k
 
                                   (29) 
2
1
1
( ) ( )
N
ref
T e eN
k
J T k T k

                                                       (30) 
where N, Te(k) and Te
ref
(k) stand for the total number of 
sampling points, measured electromagnetic torque and 
reference torque, respectively. A torque meter is utilized to 
measure the SPMSM electromagnetic torque. MT and JT are 
defined in Eq. (29) and Eq. (30), respectively. Fig. 15 and Fig. 
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16 show the torque ripple performance under different rotation 
speeds, which indicates that the proposed method shows 
minimum torque ripple.  
 
Fig. 12. Experimental results of the comparison at 800 r/min under 
 ̅  20   condition. (a)–(c) Method 1. (d)–(f) Method 2. (g)–(i) Method 3. 
 
Fig. 13. Experimental results of currents error at 700 r/min under 
 ̅  0    ,   ̅̅ ̅̅  = 1.5    and  ̅   0   conditions. (a) Method 1. (b) 
Method 2. (c) Method 3. 
 
Fig. 14. Experimental results of currents error at 900 r/min under 
 ̅  2  ,   ̅̅ ̅̅  =     3 and  ̅  0     conditions. (a) Method 1. (b) Method 
2. (c) Method 3. 
 
Fig. 15. Experimental results for MT under  ̅  2  ,   ̅̅ ̅̅  = 0    and 
 ̅   0   conditions.  
 
Fig. 16. Experimental results for JT under  ̅  2  ,   ̅̅ ̅̅  = 0    and 
 ̅   0   conditions.  
In addition, Fig. 17 shows the measured electromagnetic 
torque Te and SPMSM speed under different mismatch 
conditions. The load torque is set to 5 Nm, and the speed 
considered is from 400 rpm to 800 rpm and then increase to 
1200 rpm. From this figure, it can be seen that Method 3 has the 
best electromagnetic torque performance. To testify the 
response of the three methods, Fig. 18 shows the current on q 
axis under different mismatch conditions. The load torque is set 
from 1 Nm to 8 Nm. It can be seen that the response time Tr is 
almost 33 ms in the Method 1 while Tr in the Method 2 and 
Method 3 are almost 6 ms. This means that different mismatch 
condition can affect the response time. In addition, Method 3 
has lower overshoot value of the current compared with 
Method 2. Fig. 19 shows that the current performance at 1500 
r/min (rpm) under different mismatch conditions. The torque 
load is set to 6 Nm, and it can be seen that there is current offset 
in method 1 while the current ripple of Method 2 is larger than 
that in method 3. Therefore, at higher speed, such as 1500 r/min, 
method 3 can suppress the disturbances better than Method 2. 
 
Fig. 17. Experimental results for the measured electromagnetic torque 
Te and SPMSM speed under  ̅  2  ,   ̅̅ ̅̅  = 0     and  ̅  0     
conditions. (a)–(b) Method 1. (c)–(d) Method 2. (e)–(f) Method 3.  
 
Fig. 18. Experimental results of the comparison at 700 r/min under  ̅  
2  ,   ̅̅ ̅̅  = 0     and  ̅      conditions. (a)–(b) Method 1. (c)–(d) 
Method 2. (e)–(f) Method 3.  
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Fig. 19. Experimental results of the comparison at 1500 r/min under  ̅  
2  ,   ̅̅ ̅̅  =   2    and  ̅      conditions. (a)–(c) Method 1. (d)–(f) 
Method 2. (g)–(i) Method 3. 
V. CONCLUSIONS 
A novel current update mechanism is developed for 
FS-MPCC. The comparison of the proposed method and other 
methods is carried out systematically. Due to the state of the art 
of the current update mechanism, the predicted parameter K can 
be acquired more accurately. Experiment results indicate that 
when the system parameters are mismatched, the proposed 
method shows the best current performance. To illustrate this, 
various mismatched conditions are tested, and the torque ripple 
performance and tracking reference current performance are 
compared between new method and other methods. In addition, 
to verify the robustness of the proposed method, experiments 
under different rotation speeds and different load torques are 
carried out, and the experiment results indicate that the torque 
ripple performance of the proposed method is the best 
compared with other methods. Therefore, the proposed method 
can be experimentally applied in practical systems, which is 
significant towards FS-MPCC with parameter mismatch 
suppression for SPMSM drives. 
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